Physiology, Moss and Thomas (12a) present a whole kidney lumped mathematical model that incorporates glomerular and tubular function, differentiates cortical and medullary function, and describes vascular and reabsorptive characteristics of the kidney. The model explores regulation of renal function by angiotensin II (ANG II) and antidiuretic hormone (ADH) and simulates actions of a thiazide and of amiloride. This audacious model of integrated renal function altogether is quite successful in simulating renal function, albeit with some caveats. There have been surprisingly few attempts to simulate overall renal function in the literature, yet we are in such strong need of modeling for a variety of reasons. Before returning to this, let us review briefly how mathematical modeling of renal function has developed from the perhaps biased eyes of a clinician/ physiologist.
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Why is trying to formulate mathematical models important? Transitioning from experimental data addressing a specific hypothesis to induced theories is one step; however, formal description of the theory might reveal inconsistencies. It is exactly at this point that physiology, based on observation and physics, meets mathematics, based on axioms and logic. As a consequence, a mathematical model will challenge the consistency of physiological theories. Modeling can also be used to simulate, with the objective of learning about the behavior of physiological systems, which are too complex to be handled by the human brain. This can be purely out of scientific interest to see how closely the composite system relates to observational real life data, or for education. Last, models may be used in a predictive or prognostic fashion (in fact also a form of simulation). The latter requires intense verification and validation.
When one inspects the literature of the last approximately 40 years on modeling and renal function, a number of interesting observations can be made. First, in the initial years of modeling and computer simulations, there was relatively high interest in attempting to simulate the whole kidney (e.g., Refs. 6, 7, 16). At some point, it became clear that the models needed more detail, and the model of glomerular filtration by Deen et al. (3) is exemplary for this refinement (3). Since then, there have been progressive refinements in models of the concentration mechanism (9, 15), of autoregulation and more specifically of tubuloglomerular feedback (13, 14) , and of tubular reabsorption of the various parts of the nephron (e.g., Ref. 18) . One area that is being developed is the coupling of function between neighboring nephrons or groups of nephrons (10) , for which data are currently being generated using new technology (Laser Speckle imaging) (4) . Similarly, the relationship between vascular anatomy and hemodynamic function is being investigated by improving the technology of microcomputerized tomography (11). Modeling has not yet been applied with respect to the large amount of molecular data about transporters and the cellular biology of transport mechanisms, such as trafficking of transporters in microvilli.
Why is the model by Moss and Thomas (12a) of interest? First, few or no attempts have been reported to describe the differences in behavior of cortical vs. medullary parts of the kidney, yet some physiological theories rely heavily on the differential function of the locations in the kidney, as illustrated beautifully by the hypothesis about vascular renal regulation in the kidney in the context of heart/kidney coupling by Ito (5) . Second, few reports include the simulation of major neurohumoral modulators of renal function. The authors simulate the actions of ANG II and AVP, and even simulate the response to inhibition of early and late distal reabsorption ("thiazide" and "amiloride" simulations). Thereby, they move gradually toward simulation of real life physiology and pharmacology.
Besides this applause, a few considerations regarding their model can be formulated. Tubuloglomerular feedback (TGF) is modeled by a piece-wise linear function, and not by a sigmoidal relationship. This has interesting consequences: how does one model the combined effects of ANG II to enhance the maximum of the TGF response and to decrease the threshold of the loop distal delivery-single-nephron GFR relationship? The authors have partly run their model with a sigmoidal relationship and report that it performs similarly, but this does not exclude the possibility that it might be important for overall sodium excretion related to blood pressure under some (extreme) circumstances. Angiotensin can clearly and strongly enhance proximal tubular reabsorption (2, 12) . In the current model, the actions of ANG II on proximal and distal reabsorption are simplified, likely due to the lack of sufficient data. For example, the additive, linear, and very strong independent distal effects of aldosterone and ANG II are based on one study (17) . Furthermore, the statement that "external hormone levels appear to be chiefly responsible for the intra-renal hormone levels," following Ichikawa's thoughts, is likely invalid during hypertensive states or renal diseases, and may indeed also be invalid during nonpathological states. The dispute about the source of proximal tubular ANG II is ongoing, but angiotensinogen is also present in the proximal tubule (8) . When one looks at the simulations of arterial pressure variations on GFR, not all the curves are intuitive (slope-plateau-slope), and might also indicate imperfections. At any rate, beauty, but also imperfection, is in the eye of the beholder, so that experts on renal tubular transport may well view other points where the model could be refined.
What avenues could be further explored with respect to whole kidney modeling? The current model is static and to be able to simulate complex pathophysiological states, it should be developed to become dynamic. This is certainly not a trivial undertaking for a sufficiently complex model. It would be very attractive to apply the model to simulate clinical conditions. A fashionable example would be the consequences of arterial and venous hemodynamic changes and neurohumoral modulation in cardiorenal failure, the complexity of which reaches beyond what can be captured by the human mind (1) . In such a case, mechanisms should be developed to calibrate model parameters to information available from humans and from animal experiments. Altogether, Moss and Thomas (12a) push the agenda further with their model and hopefully trigger both discussion and enthusiasm in the renal physiological and nephrological community.
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